Objective: The aim of the present study was to evaluate the influence of a balance training program on the semi-static balance of elderly persons by comparing a supervised group with individual home-based application. Method: A blinded randomized controlled multiarm trial was conducted. The elderly individuals were randomized into: Supervised Group (SG; n=18); Domiciliary Group (DG; n=20) and Control Group (CG; n=18). The SG and DG participated in twice weekly training sessions for 10 weeks. A posturography evaluation was performed based on velocity, anterior-posterior (AP) and medial-lateral (ML) medial amplitude variables in firm surface with eyes open (FSEO) and closed (FSEC), tandem stance with eyes open (Tandem EO) and closed (Tandem EC), and single-leg stance (SL) situations. Two-way ANOVA and Tukey's post-hoc were used for parametric data, the Friedman and Wilcoxon post-hoc tests were used for intragroup analysis and the Kruskal-Wallis and Mann-Whitney post-hoc tests were used for intergroup analysis. Results: In intergroup analysis, the DG group showed improvement in body sway in the Tandem EC (velocity and medial amplitude AP) and single-leg stance (medial amplitude ML) situations. The SG showed a decline in the Tandem EO situation in all the variables. In intergroup analysis, the DG showed improvement in the FSEO position (medial amplitude ML), in the Tandem EC position (medial velocity ML), and the single-leg stance position (medial amplitude AP and ML). The SG showed improvement in the FSEO position (medial amplitude ML) and the single-leg stance position (medial amplitude AP), but showed a decline in the FSEO (variable medial velocity AP) and Tandem EO position (medial amplitude AP). Conclusion: The exercises were beneficial for the balance of the elderly individuals, with the DG presenting the best results. REBEC: RBR-3S9M65.
INTRODUCTION
Postural control, which is considered good when postural sway is low, 1 is affected by the aging process. Increased postural sway can be verified by an increase in the amplitude of center of pressure (COP) fluctuations. 2 Several studies have identified the benefits of exercise on the overall health of the elderly, [3] [4] [5] notably in the prevention of falls, 6, 7 and a lack of postural control may be corrected through exercise-based intervention. 8 A number of studies have shown that combined training (multifactorial or multiple-factor) has greater benefits in preventing falls than training in isolation. 8 Although some studies in scientific literature have evaluated the effect of balance training in groups 2, 9, 10 and others have analyzed the effect of home-based balance exercises among the elderly, 6, 11 there is little research comparing group and home-based balance training in the same study. 12 No study has been found that predominantly considers balance exercises applied through individual home-based and supervised group training to identify the most effective strategy for the implementation of exercises.
It is therefore important to study the effects of a training program based predominantly on balance exercises, in order to assess whether specific exercise programs to improve balance as a preventative measure have better results in the shortest period of time possible. According to the fall prevention guides of the American Geriatrics Society and the British Geriatrics Society, 13 positive results have been achieved from training periods longer than 12 weeks, with sessions one to three times per week. The present study sought to evaluate whether ten weeks of training was sufficient to improve the balance of this population, when the treatment program prioritizes balance exercises.
In addition to reducing training time, a comparison of the same exercises performed in supervised groups or as individual homebased programs allow a wider range of options to be offered to elderly individuals who have difficulties attending therapy, considering that social factors (such as the encouragement, or the lack of encouragement, of other participants in the group, in other words the social awkwardness of performing a group activity); physical limitations (comorbidities, fear of falling when performing the exercise individually); competing priorities (little time to exercise due to family or work responsibilities); accessibility (lack of access to transport to therapy) and lack of motivation are barriers to adherence to therapy. 14 The hypothesis of the present study is that ten weeks of predominantly balance based training, either unsupervised at home or in supervised groups, is sufficient to improve the postural control of elderly individuals, in order to offer this population a variety of health promotion options (either in groups in rehabilitation centers or at home alone) in order to improve adherence to fall prevention programs.
The objective of this randomized clinical trial was to evaluate the effect of a training program with predominantly balance exercises on the semistatic balance of the elderly, comparing supervised group and individual domiciliary application techniques.
METHOD
Design and ethical aspects of the study 
Recruitment/Selection
The elderly persons who participated voluntarily in the study were recruited through leaflets which provided the phone number of the Laboratório de Avaliação e Reabilitação do Equilíbrio -LARE (the Laboratory of the Evaluation and Rehabilitation of Balance), the location of the assessments, and by spoken invitation. After interest had been expressed, the first contact with the elderly person was made by telephone, to identify if he or she met the study eligibility criteria.
The inclusion criteria were: elderly persons aged over 60 years, from the local community, of both genders, who were functionally independent. The participants had to be independently mobile, be normotensive or have blood pressure controlled by drugs. Type 2 diabetes mellitus was permitted, provided that the individuals were capable of detecting the application of at least 10 g on the soles of the feet using Semmes-Weinstein monofilament testing (SORRI ® , Bauru, SP, Brazil), according to the criteria adopted by the American Diabetes Association. 16 The exclusion criteria were: participants with cardiovascular, neurological or musculoskeletal disease (with sequela or an impairment that interfered with semi-static balance); vestibular disorders; postural hypotension; foot deformities; visual disorders or cognitive deficit assessed by the Mini Mental State Examination (MMSE). 17, 18 Elderly persons who practiced Tai Chi Chuan or muscle strengthening exercises in the gym were also excluded, as muscle-strengthening also contributes to the improvement of postural control. 8 To calculate the sample size the anteroposterior (AP) velocity of the COP variable (considered to be the main outcome of the study) was considered, taken as the mean and standard deviation values of a study of elderly persons aged over 60 from the community of San Carlos, Sao Paulo, 19 , taking into account a minimum alteration of 0.17 cm/s in AP velocity (corresponding to 30% of the post-training improvement), resulting in a sample size=12 (per group), power=0.8, error α=0.05.
Studies have suggested that average velocity is one of the most consistent and responsive postural control measures. 20, 21 The primary outcome was assessed at two time points (baseline and posttraining) along with the other Posturography variables -mediolateral (ML) velocity and mean AP and ML amplitude, which are considered as secondary outcomes in this study.
Randomization
Randomization was performed by a researcher who was not involved in recruitment or data collection and so had no direct contact with the research participants.
After t he i n it ia l eva luat ion, si mple randomization was performed using opaque envelopes from which three groups of options were randomly selected: the Supervised Group (SG), the Domiciliary Group (DG) and the Control Group (CG). The participants were not blinded. The evaluator performed two evaluations (baseline and after 10 weeks) and only after revaluations did the researcher responsible for randomization inform the evaluator about the groups to which the elderly persons had been allocated, so that data analysis could be carried out.
Evaluation
Data collection in the present study was performed by blinded examiners (physiotherapists), who were trained for one year in order to learn how to use the assessment instruments.
All samples were collected from the LARE of the Department of Biomechanics, Medicine and Rehabilitation of the Locomotive System of FMRP/USP. Participants began by visiting the LARE to measure body mass and height.
Data regarding education, number of comorbidities and medications used were obtained through questionnaires structured by the authors, which included questions about demographic and socio-educational data. The level of physical activity and routine activities at home (10 questions) were obtained by the Baecke questionnaire modified for the elderly. 22 This questionnaire was used as an exclusion criterion for patients who performed physical activities (gym or Tai Chi Chuan), and was also used during the revaluation process in order to identify whether an elderly person had altered their routine activities or the practice of sports during the study.
The MMSE was applied considering an educational level of 1 to 4 years, with the cutoff level set at 25 points. 17, 18 Semi-static balance was evaluated using a force platform in two phases: initial and posttraining. A follow-up was not carried out. Participants were instructed to remain as still as possible. The order of evaluation of each position was randomized and two analyzes were performed for each position. In eyes open situations, the elderly persons were told to look at a black circle, 5 cm in diameter, that was set in the wall in front of them at eye level at a distance of 1.5 meters. Elderly people who regularly used corrective lenses used these devices during the test, as visual acuity can interfere with postural stability. 23 Body balance was evaluated using a force platform (EMG System do Brasil ® ) with an acquisition frequency of 100 Hz, which measured the distribution of the vertical load at four points, allowing analysis of semi-static equilibrium, with quantitation of amplitude and mean AP and ML COP displacement velocity. The COP signal was filtered by a fourth order Butterworth low pass filter with 10 Hz cutoff frequency. The displacement and trajectory of the COP in AP and ML directions was analyzed using the Matlab program (Math Works, Inc.). The average oscillation amplitude was calculated by subtracting the mean value of a time series for each point and obtaining the standard deviation of said time series. The average amplitude corresponds to the variance of the COP values and was used to estimate the stability of the COP. The average velocity of the COP was calculated by dividing the total displacement in each direction by the total collection period. The mean error of the Root Mean Square (RMS) for the actual localization of the COP on the force platform was 0.02 cm, according to factory calibration.
Intervention
The intervention was performed for the SG and the DG twice a week in 55 minute sessions for a total of 10 weeks.
The SG performed 20 sessions. These sessions were in groups with a maximum of six elderly persons, supervised by two physiotherapists (with at least two years' experience in the area of geriatric physical therapy and the group rehabilitation of patients) who were not the evaluators, with blinding maintained. However, the therapists were aware that the elderly persons were part of a supervised training group. The exercise program was conducted at the Centro Integrado de Reabilitação (the Center for Integrated Rehabilitation) (CIR) linked to the Hospital Estadual de Ribeirão Preto Center (the State Hospital of Ribeirão Preto).
The DG had two supervised intervention sessions in the CIR to learn the exercises which they then performed in 18 individual homebased (unsupervised) activity sessions. These were performed twice a week for 10 weeks. To standardize and facilitate the exercises, all DG members received a DVD and an illustrative booklet demonstrating the exercises that should be done at home, and an activity form to be filled out by each individual after completion of the program, describing the day and time they performed the exercise, if all the stages were completed. Telephone contact was made with the participants of the DG each week to resolve any doubts about the exercises, and encourage them to carry out the activities.
The CG did not participate in the 10-week exercise program and did not receive any intervention in this period, with the data from this group being used for comparison. Whether or not the group maintained the same lifestyle habits during the 10 weeks was verified by structured questionnaires before and after the research period. Participants who changed their routine activities, as verified by the questionnaires, or performed some physical activity during the research period, were excluded from the study. For ethical reasons, following the research period and revaluation, individuals from the CG who were interested in participating in the exercise program performed the intervention program, either supervised or at home, according to their preference. The exercise program carried out by the SG and the DG comprised:
• Warm-up (5 minutes), repeat each movement ten times: alternate abduction, adduction, f lexion and extension movements of the upper limb; alternate triple flexion movement of the lower limbs.
• Stretching (10 minutes) in three series, with an initial duration of 10 seconds for each series, increasing from week 4 to a duration of 20 seconds and from week 7 to 30 seconds: trunk and abdominal; pectorals, with extension of the upper limbs; glutes; quadriceps; hamstring; tibialis anterior; triceps sural.
• Semi-static and dynamic balance (35 minutes). Training was divided into exercises with the individual sitting and standing for 30 minutes, increasing to 35 minutes, in three series, with an initial duration of 30 seconds, increasing from week 4 to 60 seconds and from week 7 to 90 seconds.
• In the sitting position, the training involved transferring body weight to the right and left legs, at increasing speeds, moving from a support to a no support stance; rotating the torso with increasing speed; alternately lifting the legs from the ground; moving from a sitting position to a standing position, reducing the support base.
• In a standing position, training consisted of walking in a straight line (on firm ground and unstable ground, using mats): with a neutral head position (looking at the horizon); a moving head position (lateral rotation); with dissociation between the arm and the leg; standing, reducing the support base and transferring the weight to the right and left legs; standing and moving the body backwards and forwards; standing on one leg; walking on tiptoe; walking on heels; walking in zigzag; walking sideways; passing over obstacles; walking in tandem (one foot in front of the other); walking backwards; walking in curves and rotations; walking combined with a cognitive task; walking associated with a motor task (for example, transferring a ball from one hand to the other and passing a ball around the body in a circular motion).
• Cool-down (5 minutes): participants remain seated listening to their own choice of music, preferably soothing melodies.
Participants who performed at least 75.0% of the training sessions were reevaluated, 24,25 using the intention to treat method.
Statistical analysis
Statistical analysis was performed using the intention to treat principle of analysis with mean imputation for COP analyses. By this principle, the result the elderly persons would have obtained if they had continued the training protocol was estimated. 26, 27 The Shapiro-Wilk test was used to analyze the normality of the anthropometric and COP data. The parametric data was analyzed using twoway ANOVA followed by Tukey post-hoc. Nonparametric data was analyzed by the Friedman test followed by the post-hoc Wilcoxon test to evaluate the paired data (intragroup analysis), and the Kruskal-Wallis test followed by the post-hoc Mann-Whitney test for unpaired data (intergroup analysis). All statistical analyzes were performed using SPSS software version 13.0 and the significance level was 5% ( p=0.05).
RESULTS
Of the 186 elderly persons contacted by telephone, 130 refused to participate in the study or were excluded due to the eligibility criteria (nine were excluded for attending the gym). In total, therefore, 56 elderly patients were randomized into the three research groups (Figure 1 ). No elderly individuals were excluded at the time of reevaluation for changing their lifestyle during the research, as evaluated by the Baecke questionnaire. 22 The acceptance rate for participation in the study was 37.63%, representing the elderly who were contacted and agreed to participate in the balance training program for the prevention of falls. The adhesion rate (elderly persons who began the program and remained for its 10-week duration) of the elderly persons in their respective groups was 72.22% for the SG; 60.0% for the DG and 72.22% for the CG.
During the training, 18 elderly persons (SG=5, DG=8 and CG=5), who initiated the exercise protocol dropped out of the study. However, as the study was based on the intention to treat method, this data was included in the statistical analysis.
The SG therefore comprised 18 elderly persons, 13 of whom who completed the reevaluation and five who discontinued the intervention protocol. The DG contained 20 elderly persons, 12 of whom completed the reevaluation and eight of whom discontinued the intervention, and the control group contained 18 patients, 13 of whom who completed the reevaluation and five who declined to be reevaluated.
The reasons for withdrawal from the SG training were: transportation problems (n=1), personal health problems (n=1), health problems of spouse (n=1), competing priorities (n=2). In the DG, the reasons for withdrawal were personal health problems (n=3), health problems of spouse (n=1), competing priorities (n=4). In the control group, all claimed competing priorities (n=5).
The sociodemographic characteristics (Table  1) were compared to verify the homogeneity between groups. The Kruskal-Wallis test revealed no differences in these variables between the SG, DG and CG. In intragroup analysis, the CG showed an increase in average ML COP velocity in the FPEO, FPEC and Tandem EO positions. In the SG there was an increase in the average AP and ML velocity and mean AP and ML amplitude in the Tandem EO position. The DG presented a reduction in mean AP velocity and amplitude in the Tandem EC position and mean ML amplitude in the Unipedal stance (Table 2 ). Table 2 also shows the Intergroup analyzes for all the conditions and variables. In the initial evaluation, differences were observed between the groups in relation to the conditions and variables analyzed, except for the Tandem EO and Unipedal positions. However, these initial differences were not sustained after treatment due to increased deterioration in the CG or an improvement in the intervention groups, suggesting that the training protocol improved balance in both groups (supervised and domiciliary). The only variable that maintained a difference the intergroup analysis after 10 weeks was AP amplitude in the Tandem EC position.
The DG showed improvement in average ML amplitude in the FPEO position, average ML velocity in the Tandem EC position and an improvement in the average AP and ML amplitude in the Unipedal position. The SG showed improvement in average ML amplitude in the FPEO position and mean AP amplitude in the Unipedal position, but a decline in mean AP velocity in the FPEO position and mean AP amplitude in the Tandem EO position. 
DISCUSSION
A number of studies have identified the benefits of physical exercise on the general health of the elderly. 28, 29 In terms of the prevention of falls in the elderly, there is scientific evidence through randomized controlled trials, systematic reviews and meta-analyzes that regular strength and balance training among this population can reduce the risk of falls by 15-50%. 5, 30 However, the intervention based studies use various protocols and multicomponents, and few have assessed the effects of predominantly balance based training focused on preventing falls.
Additionally, based on practical experience of the low adherence of elderly persons to preventive exercise, it is important to compare the results of exercise programs applied in a supervised manner and those that are performed individually at home, expanding and adapting therapeutic strategy options for the needs and interests of the elderly.
Furthermore, predominantly balance-based training aims to focus on a specific component, which could allow therapeutic goals to be achieved in a shorter time, facilitating the return of individuals to routine habits and social and leisure activities that are often avoided due to postural instability and the risk of falls.
The results of the present research partly confirm the initial study hypothesis, as intergroup results suggest that both the SG and the DG achieved improvements in balance due to the exercise program. However, the domiciliary group tended to achieve greater benefits than the supervised group. In addition, the benefits were different for each group depending on the position adopted.
Studies have demonstrated the benefits of balance training in an orthostatic position on a force platform.
2,31,32 Brouwer et al. 31 observed significant improvement in the balance (AP and ML direction) of elderly patients following the completion of supervised (one hour per week) and home-based (40 minutes, twice a week) exercise programs, for eight weeks, involving low resistance exercises against gravity, using an elastic band for the legs and torso and reach, weight displacement and walking on the spot exercises. Also, Jessup et al. 32 found a reduction in the mean total AP and ML oscillation in bipedal and tandem positions in a group of elderly women after 32 weeks of an exercise protocol that included stretching, warmup, muscle strengthening and balance exercises (tandem forward and backward walking, walking with obstacles) and going up and down stairs using vests of progressive weight. Penzer et al. 2 observed a significant improvement in the balance of older people (average and maximum AP amplitude) in the bipedal position on foam after the completion of a supervised group exercise program (one hour, twice a week) for six weeks involving 10 minutes of warm-up and strengthening (three muscle strengthening exercises involving the lower limbs performed using equipment, strengthening the ankle extensors with an elastic band) or balance exercises (maintain balance on different surfaces: stiff, foam, bosu; with the eyes open and closed, and in bipedal, single leg and tandem positions), finalized by stretching.
In the present study intergroup analysis revealed a decrease in mean ML amplitude in the FPEO position for the DG, along with a reduction in mean ML velocity in the Tandem EC position and a decrease in mean AP and ML amplitude in a unipedal stance. The SG, however, displayed a reduction in mean ML amplitude in the FPEO position and a decrease in mean AP amplitude in a single leg stance.
In contrast, other training protocols did not achieve a reduction in the rate of falls or improved semi-static balance among the elderly. 33, 34 Lord et al. 33 found no improvements in semi-static balance after an intervention program with individualized exercises that consisted of a 5 to 10 minute warm up, 30 minutes of group conditioning (strengthening, flexibility, coordination and balance exercises) and 10 minutes of individualized exercises (based on needs identified in evaluations), performed twice a week over 12 months. Another group received a minimal intervention through instruction sheets for exercises to perform at home, according to needs detected in an evaluation. The control group performed its habitual activities only. Ramsbottom et al. 34 also failed to improve semistatic balance through a multicomponent training protocol performed twice weekly for 24 weeks. The hypothesis for the lack of improvement in semi-static balance after the completion of these training 33, 34 protocols included insufficient intensity, exercises that were either unsuitable for the population studied (considering that individuals with different functional skills trained in the same group) or non-specific (exercises focused more on the dynamic aspects of balance at the expense of semi-static balance). The training protocols that were not successful were supervised studies without specific training, 8, 34 those that used balance assessment positions that lacked sensitivity, such as a broad force platform base 35 , or those performed with insufficient intensity. 33 According to Penzer et al., 2 the contrasting findings stem from the variations in training regimens (intensity, duration, frequency) and balance evaluations (position of the feet, duration in the study protocols) used.
In the intra-group analysis of the present study, the SG displayed increased oscillation in the Tandem EO position (in both mean AP and ML amplitude and speeds), which may be associated with the fact that the exercise protocol was not specific to the individual needs of each participant, as individuals with different functional abilities were included in the same training group. In group training, the evolution of the exercises took place in a similar manner for all individuals, without considering the specific needs of each participant.
In the DG, despite the fact that this group followed an instruction booklet and DVD, the elderly individuals had the possibility of performing a specific type of exercise which presented difficulty for a longer period of time according to their individual needs, and could perform a more advanced exercise program twice a week. The freedom to design their own protocols may explain the more obvious improvements observed in this group. In contrast, safer exercises could be carried out for longer at the expense of more unstable exercises which are most challenging for balance, as each elderly person was responsible for his or her training, making them active agents in the promotion of their own health.
In the exercise protocol proposed in this study, the training time (10 weeks) was lower than the time recommended by the prevention of falls guidelines of the American Geriatrics Society and the British Geriatrics Society, which recommend 12 weeks 13 , and few exercises were applied aimed at semi-static balance training (the principle of specificity). The exercises involving the orthostatic position were the single leg stance (which achieved an improvement post-intervention) and dynamic balance exercises.
Preventive action to improve semi-static balance, in relation to COP oscillation parameters, can help prevent the occurrence of falls in the elderly, as studies have shown that the risk of recurrent falls increases after an individual's first fall. 4 However, further studies are needed to investigate exercise protocols that more effectively improve postural control, as well as more motivating and appropriate therapeutic strategies and instructions on the benefits of physical exercise for improving balance in older people, in order to achieve greater adherence to physical interventions. Additional studies for the creation of exercise protocols for preventing falls with increased progression and safely that can be applied both at home and in a supervised manner are important for clinical practice.
The present study had some limitations: the sample size and the non-inclusion of elderly persons from all age groups (the mean age of this population was 65-66 years) which limits extrapolating the results to the entire elderly population; the lack of a prediction for the dropout rate when determining the sample size; the subtle progression and the low difficulty of the procedures (as the exercises were designed to be safely performed by the participants at home without supervision); the lack of comparison of individual training with and without supervision; the short duration of the training (to avoid losses/dropouts) and the lack of analysis of whether the improvement was due to the number of repetitions performed during the week or the total duration of 10 weeks; and the lack of control of the performance of the home exercises, as the participants did not complete the daily exercise record, and no follow-up was performed.
CONCLUSION
The exercise protocol was sufficient to increase semi-static balance in both individual home-based and supervised group therapy strategies. Although the home group presented lower adherence to the program, these individuals obtained more 
